Experimental

Preparation of samples
The starting material for this CRM was a composite stock of menus served in 29 households in Japan. The households were stocked to duplicate all meals, including snacks, beverages and drinking water, for 3 consecutive days in November 1997 -January 1998 and for another 3 days in March -June 1998. The meals were typical of Japanese households, and consisted primarily of traditional Japanese foodstuffs along with some Western dishes. The duplicated meals were frozen in the households and transported to NIES. The frozen meals were homogenized, freeze-dried, pulverized, blended, dispensed into 1100 bottles and sterlized by 60 Co irradiation.
Five samples (ca. 510 -1000 mg) in a bottle (about 18 g) were weighed and doubly packed in clean polyethylene bags for irradiation. Approximately 1 g of the separate sample was dried under vacuum at room temperature for 24 h. The moisture content was 0.6%, and a weight-loss correction was applied into the final results.
Preparation of comparative standards
Acidic standard solutions for atomic absorption spectrometry Multielements in a typical Japanese diet certified reference material prepared at the National Institute for Environmental Studies (NIES) of Japan, in collaboration with the National Institute of Radiological Sciences (NIRS) of Japan were determined by instrumental neutron activation analysis (INAA). Five samples (ca. 510 -1000 mg) and comparative standards were irradiated for a short time (10 s) at a thermal neutron flux of 1.5 × 10 12 n cm -2 s -1 (pneumatic transfer) and for a long time (6 h) at a thermal neutron flux of 3.7 × 10 12 n cm -2 s -1 (central thimble) in the Rikkyo University Research Reactor (TRIGA Mark-II, 100 kW). The irradiated samples were measured by conventional γ-ray spectrometry using a coaxial Ge detector, and by anti-coincidence and coincidence γ-ray spectrometry with a coaxial Ge detector and a welltype NaI(Tl) detector. The concentrations of 38 elements were determined by these methods. were used as comparative standards. Each standard solution of 10 -200 µl was pipetted onto clean filter papers, and the papers were doubly packed in clean polyethylene bags. For monitoring the neutron flux, about 15 mg of aluminum wires containing 1.5% Sb were doubly packed in clean polyethylene bags and irradiated together with the samples and the comparative standards.
Irradiation and γ-ray counting
These samples and comparative standards were irradiated for a short time and a long time at the Rikkyo University Research Reactor (TRIGA Mark-II, 100 kW). The irradiation and counting conditions are given in Table 1 .
The pneumatic transfer at a thermal neutron flux of 1.5 × 10 12 n cm -2 s -1 was used for the short-time irradiation (10 s) and the central thimble at a thermal neutron flux of 3.7 × 10 12 n cm -2 s -1 was used for the long-time irradiation (6 h). The neutron flux of the samples and the comparative standards was corrected by the 122 Sb and 124 Sb activities of the aluminum wire. The irradiated samples were measured by conventional γ-ray spectrometry (GAMA-IV system) 10 using a coaxial Ge detector (relative efficiency of 21% and a FWHM of 1.8 keV at 1332 keV) coupled with a 4096 channel multichannel analyzer, and by anti-coincidence and coincidence γ-ray spectrometry with the coaxial Ge detector and a well-type NaI(Tl) detector (6 in.φ × 6 in., well 3 in.φ × 4 in.).
The γ-ray spectra of the irradiated samples were counted at a high count-rate in the γ-ray spectrometries. Because a counting loss often occurs due to a pulse pile-up from the high counting rate, a pile-up rejector electric circuit 11 was installed in the γ-ray spectrometries in order to correct for this counting loss.
The obtained γ-ray spectra were analyzed by a peak-fitting procedure employing our own developed analytical program, GAMA98. 12 The GAMA98 program calculated the elemental concentrations, counting errors and lower limits of determination using a standard comparative method. Table 2 lists the concentration of 57 elements in NIES/NIRS Typical Japanese Diet CRM, together with the certified and reference values. 3 The errors show the standard deviations from five individual samples. The lower limit of determination of the individual elements was calculated using the 3σ of the baseline counts in each γ-ray peak. 13 Most of the results have less than a 15% relative standard deviation. The relative errors of Ce, Sm, Yb and Au are larger than those of other elements, which are caused by the low sensitivity.
Results and Discussion
Special care was taken for obtaining an accurate concentration of Mg by correcting for any contribution from the interfering nuclear reaction. 27 Mg is produced by the irradiation of Mg with thermal neutrons through the reaction 26 Mg(n,γ ) 27 Mg. The interfering nuclear reaction with fast neutrons producing 27 Mg is the 27 Al(n,p) 27 Mg reaction.
The contribution from the interfering nuclear reactions was evaluated by irradiating and counting an Al standard under the same conditions as the sample. Because the concentration of Al was 148 µg/g in this sample, the ratio of the interfering nuclear reaction of 27 Al to 27 Mg over the nuclear reaction of 26 Mg to 27 Mg was about 10% and the concentration of Mg was corrected.
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The optimum counting methods for the determination and the lower limit of determination of various elements in this CRM are listed in Table 3 . The anti-coincidence γ-ray spectrometry improved the detection limits in the determination of 25 elements compared to conventional γ-ray spectrometry, and the coincidence γ-ray spectrometry improved the detection limits in the determination of 7 elements. The lower limit of the determination values for Sc, Eu, Ta, Ir and Au were 0.01 -0.1 ng/g.
